Equine granulosa cell cultures were incubated with various labelled steroid hormone precursors, and the products of these incubations were purified and characterized by a combination of paper chromatography, derivative formation and recrystallization. Sodium acetate, cholesterol and pregnenolone were converted mainly to progesterone in addition to significant amounts of 20\g=a\-hydroxypregn-4-en-3-one and 17-hydroxyprogesterone plus small amounts of dehydroepiandrosterone, androstenedione and oestradiol-17\g=b\.
INTRODUCTION
It has been shown previously that cultures of equine granulosa cells harvested from large vascular Graafian follicles undergo hypertrophy and hyperplasia (Chan¬ ning, 1969) in addition to secreting large amounts of hormones characteristic of luteal tissue, namely progesterone and 20a-hydroxypregn-4-en-3-one (Channing, 1966; Channing & Grieves, 1969) . The present experiments were designed to deter¬ mine the principal pathways of steroidogenesis in granulosa cell cultures and to see whether they resemble those used by granulosa cells or luteal tissue. Labelled acetate, cholesterol, pregnenolone, progesterone, androstenedione and testosterone have been incubated with cultures of granulosa cells harvested from large vascular follicles of mares in oestrus. The metabolites have been identified by a combination of paper chromatography, derivative formation and crystallization.
MATERIALS AND METHODS
Culture and incubation procedure. Equine granulosa cells were grown as tissue culture monolayers in 15% horse serum, 30% Medium '199' and 55% Hanks's solution as described previously (Channing, 1969) . Two-oz. flat-bottomed culture flasks of cells were grown for 7 days and incubated for hr. with labelled preg¬ nenolone, progesterone, androstenedione, or testosterone dissolved in two to three drops of propylene glycol. At the end of the incubation the medium was poured off and frozen immediately. In some cases the cells were removed from the glass surface by treatment with a mixture of trypsin and EDTA and counted with Lissa¬ mine green as a vital dye according to a method described previously (Channing, 1969 (Channing & Grieves, 1969 Counting and gas-liquid chromatography were carried out as described previously (Channing & Grieves, 1969 Channing & Villee (1966) . A discussion of the validity of this procedure can be found in a paper by Axelrod, Matthijssen, Goldzieher & Pulliam (1965) . Aliquots of each set of crystals and mother liquors were counted as described pre¬ viously (Channing & Grieves, 1969) .
17-Hydroxyprogesterone. The eluate of 17-hydroxyprogesterone region was sub¬ jected to acetylation followed by chromatography in system B. The 17-hydroxy¬ progesterone region was eluted, an aliquot mixed with 20-30 mg. authentic 17-hydroxyprogesterone and crystallized three times in a similar manner to that used for progesterone. A second aliquot was converted to 17a,20/?-dihydroxypregn-4-en-3-one by reaction with 20/?-hydroxysteroid dehydrogenase. The reaction mixture was extracted with ether and chromatographed in system B. The 17a,20-/?-dihydroxypregn-4-en-3-one region was eluted, acetylated and chromatographed in system A and the 17a-hydroxy, 20/?-acetoxypregn-4-en-3-one was eluted and counted.
Androstenedione. In order to separate androstenedione from 20a-hydroxypregn-4-en-3-one, which has a similar RF value, the mixture of the two steroids was eluted, acetylated and chromatographed in system A. The androstenedione region was eluted and the steroid converted to testosterone by reaction with about 100 mg. NaBH4 in 1 ml. dry methanol at -20°for 90 min. followed by ether extraction and chromatography in system A. Testosterone was eluted, mixed with 20-30 mg. authen¬ tic testosterone and crystallized three times.
20ot-Hydroxypregn-4-en-3-one. After the mixture of androstenedione and 20a-hydroxypregn-4-en-3-one had been eluted, acetylated and rechromatographed in system A, the 20a-acetoxypregn-4-en-3-one region was eluted, the eluate mixed with 10-20 mg. authentic 20a-acetoxypregn-4-en-3-one and crystallized two or three times.
Pregnenolone. The In some experiments the mass of a given compound was determined by gas-liquid chromatography as described previously (Channing & Grieves, 1969 The cell fraction contained only 1-5% of the total progesterone secreted (medium plus cell). The specific activities of progesterone and 20a-hydroxypregn-4-en-3-one in the medium were similar. A second incubation with sodium acetate was undertaken using cells harvested from mares in the midluteal phase of the cycle in order to ascertain the effect of the stage of the oestrous cycle and incubation conditions on acetate metabolism (Table 2) . Radioactivity associated with 20a-hydroxypregn-4-en-3-one and 17-hydroxypro¬ gesterone was identified by subjecting each eluate to acetylation followed by chroma¬ tography and one crystallization. Radioactivity associated with progesterone and androstenedione was demonstrated in the usual manner. The 20a-hydroxypregn-4-en-3-one isolated in incubations A and B (Table 2) (Channing & Grieves, 1969) . Mainly progesterone plus smaller amounts of 20a-hydroxypregn-4-en-3-one, androstenedione and oestrogen were produced. The 20a-hydroxypregn-4-en-3-one and androstenedione were not isolated in a radiochemically pure form. A 13-day culture of an early luteal phase corpus luteum converted pregnenolone to progesterone and 20a-hydroxypregn-4-en-3-one mainly plus small amounts of androstenedione and 17-hydroxyprogesterone and less than 0-1% phenolic steroids (Table 5 ). The similarity of pregnenolone metabolism in the corpus luteum and granulosa cell cultures is striking.
Progesterone as substrate When one of the six vessels of culture 83 (another vessel was used in pregnenolone incubation 2) was incubated for 24 hr. with [4-14C] progesterone, a large amount of unmetabolized substrate remained (65%), perhaps because of the large pool of unlabelled progesterone (16-6 pg.) ( (Channing & Grieves, 1969) and by the corpus luteum of the mare in vivo (Short, Ryan & Short (1966) (Table 5) . Short (1961) found a small amount of dehydroepiandrosterone in equine follicular fluid which is further evidence for the existence of this intermediate. West & Navill (1962) have shown that dehydro¬ epiandrosterone can serve as a suitable precursor for androstenedione and oestradiol in minces of equine follicular wall. In addition, human follicular minces can convert acetate to dehydroepiandrosterone (Ryan & Smith, 1961) .
The finding that androstenedione and testosterone served as better precursors for oestrone and oestradiol than C21 steroids is similar to the steroid metabolism in pig granulosa cells (Bjersing & Carstenson, 1967) , equine granulosa cells (Ryan & Short, 1965; Short, 1964) and horse corpus luteum (Mahajan & Samuels, 1963) . (Channing & Grieves, 1969) and by the corpus luteum in vivo (Short, 1964) . The patterns of products produced here and de novo by the cultured cells (Channing & Grieves, 1969) in no way resemble the pattern found in follicular fluid (Short, 1960 (Short, , 1964 or ovarian vein blood of the equine ovary containing a ripe follicle (Short, 1964) . This indicates that a change has taken place in the cells when cultured ; they become ' luteal like ' with respect to their pattern of steroidogenesis. The prolonged incubation time used here and previously (Channing & Grieves, 1969) did not appear to markedly alter the pattern of products secreted in culture provided that it was kept to a period less than 1 to 3 days. In contrast, a 7 day incubation period (see column 1, Table 1 (Short, 1964 
